Horses with acute abdominal pain (colic) have traditionally been categorized into two major groups 43 based on the required treatment namely horses where surgery is required and horses that can be 44 treated medically [1] [2] [3] [4] [5] [6] . This categorization is highly relevant because early surgical intervention 45 optimizes the prognosis of the horse 7 . Horses in the acute stages of some inflammatory abdominal 46 diseases such as duodenitis-proximal jejunitis (DPJ), acute colitis 8,9 and peritonitis 10 , often present 47 with the same severe signs of shock, pain, positive gastric reflux and/or changes in peritoneal fluid 48 (PF) as horses with strangulations, displacements or severe impactions requiring surgical intervention. 49
For horses with inflammatory colic, surgery will be an unnecessary burden and should be avoided 11 . 50
During inflammation, acute phase proteins (APPs) are released in circulation 12 . This is also the 51 case in blood and PF of horses with colic, where higher concentrations of APPs are present in 52 inflammatory diseases compared to simple obstructions or strangulations [13] [14] [15] [16] . However, the diagnostic 53 performance of APPs in differentiating inflammatory colic from colic that requires surgery has not been 54 evaluated. 55 
Materials and Methods

64
Study design and population 65
The study was a prospective observational multicenter study involving horses admitted with severe 66 acute abdominal pain to XX (Hospital 1) from September 2008 to May 2011 and horses admitted to 67 XX (Hospital 2) from August 2009 to December 2010. Horses were excluded if blood samples were 68 not collected at admission, if the horse was less than 1 year old or pregnant with less than 1 month to 69 term, or if a concurrent inflammatory disease unrelated to the abdomen was present (e.g. respiratory 70 infections, hoof abscesses or wounds). Horses treated medically for simple obstructions, horses 71 without a final diagnosis that responded to medical treatment, and horses with gastrointestinal 72 ruptures were excluded from this study. Horses presenting with diarrhea or peritonitis without 73 abdominal pain were also excluded from the study as the primary objective was to evaluate the 74 diagnostic performance of the APPs in a population of horses that present a diagnostic challenge to 75 the clinician. 76
The study was approved by the ethical boards of both hospitals. All data and samples were 77 collected with the owner's permission as part of the routine diagnostic workup of the cases. 78
Variables 79 F o r P e e r R e v i e w 5 Variables measured in blood included serum amyloid A (SAA), haptoglobin (Hp), fibrinogen, iron, 88 lactate, total white blood cell counts (WBC), total plasma protein (TPP) and packed cell volume (PCV). 89
Variables measured in PF included SAA, Hp, total protein (TP), WBC and presence or absence of 90 hemolysis. A final diagnosis was established based on all the information collected (excluding SAA, 91 fibrinogen and Hp) and, when available, surgical and post mortem findings. Demographic data, results 92 of the clinical, hematologic, serum biochemical, PF and fecal analyses, pre-admission duration of colic 93 (0-12h, 13-24h, >24h), required treatment (medical, surgical), and disease process (simple 94 obstruction, strangulating obstruction, inflammatory, rupture, other and unknown) were recorded. 95
Inflammatory diseases were defined as horses with DPJ, acute typhlo-colitis and acute peritonitis. 96
Duodenitis-proximal jejunitis was diagnosed as horses with excessive gastric reflux (>20L) over >24h 97 that responded to medical treatment or where no concurrent mechanical obstruction was identified at 98 surgery or necropsy 17, 18 . Acute typhlo-colitis was diagnosed at necropsy and in horses that had 99 severely compromised peripheral perfusion and developed diarrhea. Peritonitis was diagnosed as the 100 primary disease in horses with PF WBC >10 x 10 9 cells/L that responded to medical treatment, or had 101 no apparent cause identified at surgery or post-mortem examination. Horses were assigned to either 102 the medical or surgical group retrospectively by the principle investigator (THP) based on the final 103 diagnosis. 104
Collection and management of samples 105
Blood and PF samples were collected and stored as described by Pihl et al. 16 . Briefly, unstabilized 106 and citrate-stabilized blood samples and EDTA-stabilized PF samples were centrifuged at 2000 g for 107 10 minutes and supernatants stored at -80°C until analysis for SAA, Hp and fibrinogen. Samples were 108 shipped from hospital 2 to hospital 1 on dry ice with a professional cold chain operator ensuring 109 constant temperature below -80°C. . 124
Statistical analyses 125
The statistical outcome variable was presence or absence of inflammatory colic. Univariable 126 logistic regression analysis of all registered variables from clinical findings, blood and PF analyses 127 was used to identify variables eligible for inclusion in the multivariable models. For each variable the 128 effect of pre-admission duration of colic was tested as an interaction term in both the univariable and 129 multivariable analyses. Variables with p < 0.20 in the univariable analyses were included in the 130 multivariable models 24 . Manual backward elimination, followed by forward selection was used to 131 construct the multivariable models. The criterion for retaining a variable in the final models was p < 132 0.15 25 . Dummy variables for each category were constructed for the variables with multiple levels. 133
Rectal temperature and CRT were changed to dichotomous variables (temperature deviation from 134 38
• C and CRT to ≤2s or >2s) before entering the statistical models based on the biological definitions 135 of normal values. A 'clinical model' was constructed by including only clinical variables. Variables 136 measured in blood samples were then added to the clinical model; to construct a 'clinical + blood 137 model'. Finally variables measured in PF were added to construct a 'clinical + blood + PF model'. This 138 statistical approach was chosen to reflect the need of increasingly invasive methods to obtain samples 139 (thus a clinically practical approach rather than a pure mathematical approach which would have 140 identified the best markers overall). Data fit was evaluated by max rescaled R 2 and Hosmer and 141
Lemeshow goodness of fit. The influence of single observations on the models was tested by the (AUC) and by sensitivity and specificity at an optimal diagnostic cut-off point selected from the ROC-145 curve. A high specificity was prioritized in order to ensure that the horses identified as having 146 inflammatory colic truly belonged to this group and did not require surgery, as misclassifying a horse 147 with a surgical condition would potentially have more grave implications than vice versa. 148
In order to assess the robustness, each model was validated on data from hospital 2 in three steps, 149 as described by Wiinberg et al. 26 : 1) Variables included in the model constructed on data from hospital 150 1 were tested for significant contribution to the model when applied to data from hospital 2; 2) 151
Variables excluded in the model were re-entered into the model by forward selection and their 152 potential significant contribution to the model was evaluated; 3) Diagnostic performance of the model 153 was assessed by applying the model and the defined cut-off value to data from hospital 2. 154
Demographic data was compared between the two disease groups overall and within each hospital 155 with student's T-test for continuous variables (age and weight) and Chi-square-test for categorical 156 variables (gender, breed) before logistic regression analyses. Confounding in the models was also 157 tested by adding the demographic variables to the final models. Statistical analyses were done with 158 SAS 9.2 k . 159 160
Results
161
Study population 162
In total, 226 horses with acute severe colic were included in this study. The distribution of horses 163 with inflammatory colic and surgical colic was similar in the two hospitals (p=0.3), even though the 164 distribution of specific diagnoses within each disease group varied (Table 1 ). There was no significant 165 difference between age and gender in the two disease groups overall or within each hospital (Table 2) . 166
Horses with inflammatory colic weighed less than horses with surgical colic in hospital 1 and there was 167 significantly more coldblooded horses in the inflammatory group than in the surgical group in hospital (Table 3) . Pre-173 admission duration of colic did not influence any of the clinical variables evaluated. The final 'Clinical 174 model' for prediction of inflammatory colic based on data from hospital 1 included lethargy, 175 temperature increase from 38 • C, gastric reflux 5-10 L and normal rectal findings (Table 54 ). All 176 variables were positive predictors of inflammatory colic, except gastric reflux 5-10 L which was a 177 negative predictor. The model was not confounded by demographical data (age, gender or breed) nor 178 significantly influenced by single observations. The AUC was 0.86 (95 % CI: 0.79-0.93) ( Figure 1 ). 179
With a selected diagnostic cut-off at p=0.576 the diagnostic specificity was 98 % and the sensitivity 180 was 57 %. This means that 2% of horses requiring surgery were incorrectly classified as inflammatory 181 (the false positive rate), while 43% of horses with inflammatory colic were incorrectly classified as 182 requiring surgery (the false negative rate). Given the prevalence of inflammatory colic of 28% in 183 Hospital 1, the positive predictive value of the 'Clinical model' was 93% and the negative predictive 184 value 83% (Table 65 ). 185
Clinical model validation 186
When the model developed in hospital 1 was evaluated using the population from hospital 2 all 187 variables except gastric reflux 5-10 L were valid predictors. The model had an AUC of 0.75 (95 % CI: 188 0.61-0.89) and at the selected cut-off at 0.576 the specificity was 96 % and sensitivity 31 % (Table  189 65). Gastric reflux >10 L contributed significantly as a positive predictive variable with OR = 8.0 (95 % 190 CI: 1.5-43.6) in hospital 2. The 'Clinical model' including gastric reflux >10L was therefore chosen as 191 the best clinical model for prediction of inflammatory colic (Table 4) . 192 
Effect of further adding peritoneal fluid variables to the model 214
Serum amyloid A was the only PF variable that was useful in differentiating inflammatory colic from 215 surgical colic (Table 3 ). The duration of colic did not influence SAA in PF. The model was not 216 improved by including SAA in PF. In hospital 2, similar results were obtained; therefore no model 217 including PF variables was constructed. 218 Validating a model in another dataset is strongly recommended 28, 29 in order to test the integrity and 236 performance of the model in another setting than the one in which it was constructed. The prevalence 237 of inflammatory colic was similar between the two hospitals (28 % for hospital 1 and 22 % for hospital 238 2). Even though the distribution of the specific diagnoses within the two groups of colic varied between 239 hospitals, the integrity of the models was high, demonstrated by the fact that the same variables had 240 significant diagnostic value in both hospitals. Interestingly, the variable "large volume reflux (> 10 L)" 241 was a better predictor in hospital 2 than low volume (5-10 L) reflux. A possible explanation for this is 242 that hospital 2 had more horses with DPJ, a condition characterized by large volume gastric reflux. 243
The clinical variables included in the model are in agreement with earlier studies on factors 244 predicting the need for surgery 1, 2, 11 . However, in contrast to other studies that have shown that 245 assessment of PF variables such as total protein and hemolysis may provide useful diagnostic 246 . Future studies should therefore include serial measurements of blood and PF biomarkers 260 in order to improve the diagnostic and prognostic performance of the markers. 261
Other studies evaluating models predicting the need for surgery have generally overestimated the 262 need for surgery 1, 2, 30 . The diseases most often misclassified as surgical are those of inflammatory 263 origin. With an AUC of 0.9 in hospital 1 and 0.84 in hospital 2, the number of horses misclassified with 264 the model that included serum SAA was lower than with previous models 1, 2, 30 . 265
Serum Amyloid A has been measured in several studies investigating various inflammatory 266 diseases in horses 12 . In this study, serum SAA was found to have significant diagnostic capacity in 267 differentiating inflammatory from surgical colic. Including assessment of serum SAA allowed an 268 additional 4% of horses to be classified correctly as needing either medical or surgical treatment. 
